Background. Rates of coronary heart disease are higher in South Asians (Indians, Pakistanis, and Bangladeshis) settled overseas than in other ethnic groups. We tested the hypothesis that this excess risk results from metabolic disturbances associated with insulin resistance.
the high rates of CHD and non-insulin-dependent diabetes in South Asian people. 7 To test this hypothesis, we conducted a larger population survey of Indian and Pakistani migrants: the Southall Study. 8 In this study, as previously, smoking rates and average plasma cholesterol were lower in South Asians than in Europeans, but non-insulin-dependent diabetes and other disturbances related to insulin resistance were more prevalent in South Asians than in Europeans or Afro-Caribbeans.8 Average fasting and postload serum insulin, blood pressures, plasma triglycerides, and waist-hip girth ratio were higher and high density lipoprotein (HDL) cholesterol was lower in South Asian than in European men ( Figure 1 ). This pattern in South Asians corresponds to the insulin resistance syndrome described by others9'0 and is accompanied by a tendency to central obesity. We now report the prevalence of CHD in this study population and examine whether the effects of insulin resistance can account for high CHD rates in South Asian compared with European men.
Methods

Sampling, Data Collection, and Laboratory Analyses
The sample was drawn from the population of Southall in the west London borough of Ealing. In 1979-1983, CHD mortality in this borough was 1.36 times higher in South Asian-born men than the average for the bor- Fasting insulin (mU/l) 2 
Data Coding and Analysis
ECGs were coded in duplicate according to the Minnesota classification,'3 with no information about the participant other than identity number available to the observers. "Major Q waves" were defined as Minnesota codes 1-1 or 1-2. A broader category of "positive ECG" was defined as codes 1-1 to 1-3 (Q waves), 4-1 to 4-4 (ST depression), 5-1 to 5-3 (T wave inversion or flattening), or 7-1-1 (left bundle branch block). "Positive history of CHD" was defined as recall of a physician's diagnosis of heart attack or angina or a positive angina questionnaire. Questionnaire data were missing on 22 individuals.
To ensure that the association between smoking and CHD was not biased by men who had stopped smoking when heart disease was diagnosed, ex-smokers were classified together with current smokers, according to the number of cigarettes per day usually smoked in the past. Men on treatment for hypertension were assigned to the highest tertile of the distribution of systolic blood pressure. The 11 men taking lipid-lowering agents were assigned to the highest tertile for plasma cholesterol. The diabetic category includes men treated for diabetes and those with 2-hour glucose .11.1 mmol/l. Impaired glucose tolerance was defined as 2-hour glucose 7 (Table 2) . Smoking was strongly associated with major Q waves in each ethnic group, and within each smoking category, prevalence rates were higher in South Asians than in Europeans ( Table 2) . Prevalence of major Q waves was more than twice as high in men with diabetes or IGT as in men with normal glucose tolerance. Major Q waves in South Asians were also associated with elevated body mass index, waisthip ratio, plasma cholesterol, and triglycerides but not with low plasma HDL cholesterol (Table 3) . Associations with risk factors that are strongly related to glucose intolerance -insulin, triglycerides, and HDL cholesterol -were examined separately in normoglycemic men (Table 4) . As in prospective and cross-sec- (Tables 6 and 7 ). The effect of standardizing for smoking was to increase the ethnic differences in prevalence so that rates of both ECG abnormalities and positive history of CHD were higher in South Asians than in Europeans (Table 6 ).
These ethnic differences remained even among men with normal glucose tolerance, men who were not obese, men who were not hypertensive, or men whose plasma cholesterol levels were <6.5 mmol/l (Table 6 ). Among normoglycemic men whose triglyceride levels or 2-hour insulin levels were not elevated, prevalence of major Q waves and positive ECG were similar in South Asians and Europeans ( Table 7) .
The extent to which coronary risk factors could account for the ethnic difference in CHD prevalence was examined in a series of logistic regression models (Table 8) . In these analyses, the odds ratio approximates the ratio of prevalence in South Asians to that in Europeans. For major Q waves in South Asian men compared with European men, the age-adjusted odds ratio was 1.4. Controlling for smoking increased this glucose intolerance and hyperinsulinemia accounted for almost two thirds of this excess, reducing the odds ratio for major Q waves in South Asians from 2.4 to 1.5.
There was little change in this odds ratio when systolic blood pressure, body mass index, or waist-hip ratio was added to the model. The odds ratio for positive ECG in South Asians was 1.9 (95% CI, 1.5-2.4) with age, smoking, cholesterol, and ethnicity in the model, falling to 1.3 (95% CI, 1.0-1.7) when glucose intolerance and hyperinsulinemia were included. In a similar analysis with positive history of CHD as the dependent variable, the odds ratios were 1.7 (95% CI, 1.2-2.3) and 1.4 (95% CI, 1.0-1.9), respectively.
To examine whether triglycerides or HDL cholesterol could make any additional contribution to explaining the excess prevalence of Q waves in South Asians, the analyses were repeated excluding men treated for diabetes, who did not fast. With age, smoking, cholesterol, glucose intolerance, and hyperinsulinemia in the model, the odds ratio for Q waves in South Asians was 1.6 (95% CI, 1.0-2.8). This value did not change when triglycerides or HDL was added to the model.
Contrast Between Low-Insulin Group and High-Insulin/Glucose-Intolerant Group
To examine further the relation of glucose intolerance and hyperinsulinemia to CHD prevalence, the South Asian group was divided on the basis of glucose tolerance and serum insulin levels into a low-insulin group and a high-insulin/glucose-intolerant group. The 541 men with normal glucose tolerance and both fasting and 2-hour insulin below the highest tertile for normoglycemic South Asian men were assigned to the lowinsulin group, and the 844 men with IGT, diabetes, or in the highest tertile for fasting or 2-hour insulin were assigned to the high-insulin/glucose-intolerant group.
Glucose tolerance or insulin measurements were missing for 36 men, and data for history of CHD were missing for another 13 men. Table 9 shows that major Q waves with or without a history of CHD were more common in the high-insulin/glucose-intolerant group, whereas a history of CHD without major Q waves was no more common in the high-insulin/glucose-intolerant group than in the low-insulin group.
To estimate the proportion of Q waves in South Asians that glucose intolerance and hyperinsulinemia might account for, the population-attributable risk fraction was calculated. This is the proportion by which prevalence would be expected to fall in the population if the risk factors were removed, supposing the association to be causal. Age-standardized prevalence of major Q waves in South Asians was 1.95% in the 541 men in the low-insulin group and 5.99% in the 844 men in the high-insulin/glucose-intolerant group, giving a population-attributable risk fraction of 56% (the calculation is shown graphically in Figure 3 ). In South Asian men aged 40-54 years, the fraction was 73%.
Discussion
Epidemiological criteria for prevalence of CHD have limitations. Minnesota-coded major Q waves occur in only 43% of men in whom old myocardial infarcts are FIGURE 3 . Graph shows association of major Q waves in South Asian men with glucose intolerance and hyperinsulinemia. The population-attributable risk fraction is the ratio of the shaded area to the total. detected at subsequent autopsy. 25 In comparisons between populations, however, prevalence of Q waves correlates well with variation in coronary mortality.26 Q wave patterns occur also in cardiomyopathies, which may be prevalent in some developing countries in association with malnutrition. The very low prevalence of Q waves in rural Indian populations27'28 (Table 10) makes this an unlikely explanation for high prevalence of Q waves in Indian migrants. The strong associations of Q waves in South Asians with coronary risk factors such as smoking and glucose intolerance are consistent with coronary disease as the predominant cause of major Q waves in this group. Other ECG signs are less specific for CHD, and comparisons based on positive history of CHD may be biased by differences in diagnostic practice or in the sensitivity and specificity of the angina questionnaire. A separate question is whether the effects of insulin resistance on cardiovascular risk are mediated through risk factors such as hypertension and lipid disturbances. We have deliberately refrained from attempting to explore which of the factors associated with insulin resistance appear to be "independently" associated with CHD in logistic regression analyses. When several intercorrelated and labile measurements such as insulin, blood pressure, triglycerides, and HDL cholesterol are included in such analyses, it is not possible to distinguish which of these variables are causally related to disease because the variables that emerge as "independent" predictors are likely to be those that can be reliably characterized by measurement on a single occasion. 43 This bias does not affect the association of disease with a stable characteristic such as ethnicity, but it means that we are likely to underestimate the extent to which labile measurements such as hyperinsulinemia can explain this association.
We have argued previously that if insulin resistance is the cause of excess CHD risk in South Asians, its effect cannot be mediated mainly through blood pressure or HDL cholesterol since these risk factors are not unfavorably distributed in all the groups of South Asian settlers in the United Kingdom who share high CHD risk.8 Average blood pressures are not high in Muslim South Asians and HDL cholesterol is not low in Sikhs compared with the native British population.78 It is possible that the effect on CHD risk is mediated through disturbances of triglyceride metabolism. Although the ethnic differences in fasting triglyceride levels were small, at 2 hours after a glucose load, there were larger ethnic differences in triglycerides. 8 In this study, plasma triglyceride levels were strongly associated with Q waves in South Asians, and average postload triglyceride levels were higher in Hindus, Sikhs, and Muslims than in the general population.8 The effects of insulin resistance on hepatic triglyceride synthesis44 may bring about the elevated plasma triglyceride levels in South Asians. Hyperinsulinemia and elevated triglyceride levels are associated with changes in the composition and size of particles in the low density lipoprotein fraction, which may be atherogenic. 45, 46 Comparisons of the distributions of low density lipoprotein subfractions in South Asians and Europeans have not been reported.
Confirmation of these findings will depend on longterm follow-up. The early onset of increased CHD risk in South Asian men suggests that metabolic disturbances are prevalent in this group long before middle age. Whether increased physical activity and control of obesity can reverse this excess risk remains to be established.
